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Purpose: MR T1ρ mapping has been proposed as a promising
diagnostic tool for the early detection of cartilage degeneration
in osteoarthritis (OA). Because there are investigations towards
establishing a relationship between T1ρ values and matrix bio-
chemistry in cartilage, it becomes increasingly important to elu-
cidate the effect of orientation relative to the static magnetic
ﬁeld, B0, an impeding factor between a direct correlation of T1ρ
relaxation times and biochemical composition of cartilage, and
thus a potential source of spurious conclusions. The purpose
of this study is to obtain quantitative information regarding the
effect of B0 orientation on T1ρ proﬁles in intact and OA cartilage
as well as to explore the use of different spin-locking frequencies
to minimize the orientation effect.
Methods: Five cartilage specimens were imaged on a 3.0 T GE
MR scanner using a quadrature wrist coil: three from OA patients
who underwent total knee replacement and two from cadaver
knees with no history of diagnosed OA. The 3D T1ρ-weighted
images were obtained using a previously developed sequence,
with time of spin-lock = 0, 10, 40, 80 ms, slice thickness = 2
mm, in-plane resolution = 0.3 x 0.3 mm, spin-lock frequencies
at 500 Hz and 1 kHz respectively. Data were acquired at 3
different orientations with respect to the B0 - 0°, 90°, and 55°,
the “magic angle” (angles were assessed relative to the radial
zone). MR visible marks were used to ensure the same slices
were scanned among these three orientations. Two to three
matching slices from each specimen were semi-automatically
segmented and the mean T1ρ values as well as T1ρ line proﬁles
were obtained. A paired t-test was used to compare T1ρ average
between the 3 different orientations as well as to compare the
differences between different spin-locking frequencies.
Results: T1ρ values were elevated at 55° signiﬁcantly relative
to 0° and 90° at both spin locking frequencies (P < 0.05, Table
1 and Figure 1). T1ρ relaxation times at 1 kHz are signiﬁcantly
higher than those at 500 Hz (P < 0.05). Observing the average
difference regarding the horizontal orientation as a reference we
see a 12.1% difference when comparing 0° and 90°, and a 11.2%
difference when comparing 0° and 55° at a spin-lock frequency
of 500 Hz. At 1 kHz, the % difference is decreased to 9.0% and
7.3%, respectively.
Table 1. T1ρ values (mean ± SD, in ms)
0° 90° 55°
500 Hz 57.13±9.34 63.54±7.79 70.32±5.73
1 kHz 63.99±3.93 71.81±6.23 78.30±6.58
p-value 0.002 <0.0001 <0.0001
Figure 1
Conclusions: The results of this study indicate that T1ρ relax-
ation times show an angular dependence to the static magnetic
ﬁeld B0. Thus the orientation effect needs to be studied carefully
in order to interpret more accurately the results from quantitative
MR imaging for OA studies. The results also demonstrate that
T1ρ values are higher with increased spin-lock frequency, and
imaging at an increased spin-lock frequency may decrease the
confounding effect.
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Background and purpose: The interaction of Notch receptors
(Notch-1, -2, -3, -4) with their transmembrane ligands, Delta and
Jagged plays a pivotal role in cell fate determination while, at
the same time, controlling the differentiation, proliferation and
apoptosis. There is much interest surrounding the therapeutic
potential of this pathway in osteoarthritis, but the expression
proﬁle of Notch-related molecules as well as their relation with
cartilage pathological parameters, during osteoarthritis process,
remains unclear.
The purpose of our study is to determine Notch pathway be-
haviour, in normal and osteoarthritic human knee cartilage.
Methods: Osteoarthritic cartilages were obtained from 3 patients
undergoing a total knee replacement. Macroscopically, normal
cartilage was dissected from 3 human knees at the time of
autopsy. All specimens were histologically examined on haema-
toxylin eosin stain. Immunohistochemical staining was performed
using antibodies Notch-1, -2, -3 and -4, Delta, Jagged, Collagen-
2 and Collagen-1.
Results: Notch receptors and their ligands were over expressed
in osteoarthritic cartilage, if compared to healthy cartilage. These
expressions differed throughout the depth of the cartilage in
accordance with the severity of OA degree.
In the healthy cartilage as well as in cartilage with minor lesions,
these proteins were just weakly or not at all expressed in surface
matrix and cells zone.
In moderately affected and in severe OA cartilages, these pro-
teins were expressed in all cartilage zones with decreasing label
intensity from the surface zone into the depth of the cartilage.
Indeed, Notch-1, its ligand Delta-1, Notch-3 and Notch-4 were
abundantly expressed in the matrix of the surface and middle
layers. They were also expressed in cells, with increasing label
intensity within clusters of proliferating chondrocytes and ﬁbro-
lamellar cartilage. It is to be noted that this label is not only
cytoplasmic but nuclear as well.
Although Jagged-1 was labelled positively within chondrocyte
clusters and also within the matrix of the surface and middle
zones, its staining intensity was markedly lowered compared to
delta-1.
While Notch-2 showed similar pattern of Notch expression, it
remained the less expressed receptor.
Examination of Type II collagen expression conﬁrmed that the
cartilage repair continues to be seen even as OA advances even
if the reaction varies depending on the stage of OA. Conversely,
type I collagen expression attests for chondrocytes dedifferentia-
tion process occurring during osteoarthritis.
Conclusions: Taken together, these data suggest that Notch
